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The conformational equilibrium of the ribonucleoside uridine molecules in the low temperature Ar matrices 
was investigated by the FTIR matrix isolation spectroscopy and quantum-chemical calculations at the DFT and 
MP2 levels of theory. It was established that conformers with the carbonyl group C2O which takes part in the 
intramolecular hydrogen bonds dominate in the low temperature matrices. Populations of syn- and anti-
conformers with intramolecular hydrogen bonds O5 ’H–O2 and O2’–O2, respectively, are equal practically. Un-
like 2’-deoxyuridine, the syn-conformers of Ur with C3’-endo structure of the ribose ring (South) have been 
found in Ar matrices. At the same time the conformations of C2’-endo (North) ribose ring prevail both in anti- 
and syn-conformers. 
PACS: 33.15.–e Properties of molecules; 
67.80. –s Quantum solids. 
Keywords: FTIR-spectroscopy, low temperature matrix isolation, nucleosides. 
 
Low temperature spectral methods play a significant role 
in the modern studies on structures of isolated fragments of 
biopolymer molecules (RNA, DNA, proteins) [1–5]. To 
isolate molecules from strong intermolecular interactions, 
supersonic beams of inert gases [1–3], nanodroplets (nano-
matrices) of superfluid 4He [4,5] or the classic method for 
matrix isolation in films of rare gases [6] are applied. 
The present work continues investigations of nucleo-
sides by FTIR matrix isolation spectroscopy [7–11]. The 
paper considers features of the pyrimidine ribonucleoside 
uridine (Ur) in the isolated state. Uridine is a structural 
element of ribonucleic acid (RNA), the molecule which 
could play a key role to the advent of life on Earth [12]. Up 
to the present, information on the uridine molecule struc-
ture was limited with experimental results on solutions and 
crystals as well as with quantum-chemical calculations 
[13–18]. Hitherto, we obtained some information on sepa-
rate fragments of ribonucleoside uridine (Ur) spectrum [7], 
which showed the absence of thermal decomposition upon 
sample sputtering from Knudsen cell, according to our me-
thod, and the presence of characteristic bands of intramole-
cular hydrogen bonds in the spectrum. However, later on, 
the special attention has been concentrated on researching a 
simpler molecule, namely, 2’-deoxyuridine (dU) [8–11]. 
Unlike dU, Ur molecule includes the additional hydroxyl 
O2’H group. Due to this group, the more complicated 
structures of intramolecular hydrogen bonds can be re-
vealed (Fig. 1). 
For these work FTIR spectra of Ur molecules isolated 
in Ar matrices at various experimental conditions were 
obtained and compared with the spectra of dU in Ar ma-
trices. UV irradiation and matrix annealing were applied to 
change of population of conformers fixed in the matrices. 
The comparison of experimental data and the results of 
calculations for the isolated molecules of Ur were carried 
out with the use of more precise quantum-chemical calcu-
lations, as compared to methods used before [14–18]. 
Experimental and computational methods 
The key details of low-temperature experiments were de-
scribed in some previous papers [19–21]. For this work 
FTIR spectra were obtained with apodized resolution 
0.4 cm–1 in the 200–600 cm–1, 450–2500 cm–1 and 1400–
4000 cm–1 ranges. Deposition of matrix on the low temper-
ature mirror was controlled with the low temperature 
quartz microbalances [19,21]. The intensity of Ur molecu-
lar beam was within 60–70 ng/s·cm2, temperatures of eva-
poration from Knudsen cell being 420–430 K. In this tem-
perature range thermodestruction of Ur was not observed. 
The inert gas (Ar) purity was more than 99.99%. 
All quantum-chemical calculations were carried out us-
ing Firefly QC package (7.1.F version) [22] which is par-
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tially based on GAMESS (US) source code [23]. For the 
most part, our calculation were performed on the GRID-
cluster of B. Verkin ILTPE and partially on the Core 2 
Quad workstation. Standard capabilities of Firefly package 
were used for the estimations of Gibbs free energies (∆G) 
of conformers. For Ur molecules sizes of correlation con-
sistent basis sets cc-pVDZ, aug-cc-pVDZ and aug-cc-
pVTZ [24] were 315, 533 and 1235 basis functions, re-
spectively. The density functional theory (DFT) and Mol-
ler–Plesset perturbation theory (MP2 and MP4 levels) were 
used for our calculations. The fast and least expensive 
DFT/B3LYP/cc-pVDZ method was applied to calculate 
fragments of the map of potential energy surface. The most 
expensive calculations by MP2//aug-cc-pVTZ and MP4/ 
aug-cc-pVDZ//MP2/aug-cc-pVDZ methods were used 
only for estimating of the relative energies of the confor-
mers fixed in matrices. Names of torsion angles 
C4’C5’O5’H (∠β), C3’C4’C5’O5’ (∠γ), O4’C1’N1C2 
(∠χ), C4’C3’O3’H (∠ ε) and the method for calculating 
the angle of pseudorotation of the ribose ring (∠P) are 
given in accordance with Saenger’s monograph [13]. Con-
formations with the pyrimidine ring anti-orientation [13] 
and syn-conformers [13] are denoted as Uan_x and Usn_x 
where n shows ribose conformations (2-C2’–endo or 3-С3’ 
–endo) and x is the number ordered by increasing of the 
relative energies of conformations. For the correct mea-
surements of spectral band intensities and comparisons of 
the experimental and calculated spectra, experimental 
spectra were approximated with Gaussian functions by the 
FITYK program [25]. 
Results and discussion 
The experimental spectrum in the range of characteristic 
bands of νOH and νNH stretching vibrations of Ur confor-
mers is presented in Fig. 2. For comparison, Fig. 2 shows the 
dU spectrum in Ar matrix. The addition of the hydroxyl 
group O2’H leads to appearing of two new groups of spec-
tral bands (3584–3551 cm–1 and 3458–3449 cm–1) in the 
spectrum of Ur. Positions and intensities of these bands sug-
gest the presence of the intramolecular hydrogen bonds 
O2’H–O2, O3’H–O2’ (Fig. 1) and O2’H–O3’. The most 
complete picture of possible intramolecular hydrogen 
bonds in the Ur conformations was obtained earlier by 
quantum-chemical calculations [18] but these results cannot 
be used directly for comparison with those of the matrix 
experiments. In particular, the result of the work [18] does 
not allow distinguishing the conformers isolated by high 
barriers. It is known that only a sufficiently large barrier 
between conformers prevents from the shift of conforma-
tional equilibrium (interconversion) upon matrix deposition 
from the gaseous phase [26,27]. Upon annealing of the al-
ready deposited matrix at 30 K, the boundary height of the 
barrier is about 2.5–3 kcal/mol (ν = 1000 cm–1) [27]. 
However, preventing interconversion in the process of 
cooling of hot molecules to the temperature of the matrix 
may require a higher barrier [10]. For example, results of 
Fig. 1. The atom numbering, torsion angles and molecular struc-
tures of the main syn- (Us2_0) and anti- (Ua2_0) conformational
isomers of ribonucleoside Ur. Intramolecular hydrogen bonds
O5’H–O2 are represented with dotted lines. 
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Fig. 2. The region of the νOH, νNH stretching vibrations of the 
Ur (1) and dU (2) conformers. These spectra were brought to 
equal intensity of the νN3H bands. 
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our previous work [11] showed that the hydroxyl group 
O2’H with 1.3 kcal/mol barrier may rotate during deposi-
tion into Kr matrix at 6 K.  
To estimate the heights of transition barriers in a family 
of anti-conformers Ua2_0 (Fig. 1) with intramolecular hy-
drogen bonds O2’H–O2 and C2’–endo structure of the 
ribose ring, the map of the potential energy surface in 
coordinates of χ and β angles was constructed with step 
of 30° (Fig. 3). Figure 3 demonstrates β «grooves» three 
extended along the angle, separated by high barriers 
(> 3 kcal/mol). Within these grooves the barriers are less 
than 2 kcal/mol and the probability of interconversion of 
conformers in the process of deposition in the matrix at a 
temperature of 12 K is high. The cross-section of the 
groove with Ua2_0 structure is shown in Fig. 4,a. As is 
seen, the height of transition barriers Ua2_0a→Ua2_0 and 
Ua2_0b→Ua2_0 do not exceed 0.7 kcal/mol as calculated 
on the DFT/cc-pVDZ level of theory. MP2/cc-pVDZ calcula-
tions predict even lower values of barriers (< 0.3 kcal/mol). 
With these barriers the Ua2_0a and Ua2_0b conformers 
transform to Ua2_0 structure during deposition into Ar 
matrix at 12 K. In a similar manner, the profile of the bot-
tom of the groove with Ua2_1 and Ua2_2 structures 
(Fig. 4,b) predicts a transition Ua2_2→Ua2_1 during the 
matrix formation.  
Formation of the intramolecular hydrogen bond 
O2’H–O2 is also possible for the C3’-endo conformations 
of the ribose ring. The map of the potential energy surface 
with coordinates of χ and β angles for Ua3_x anti-
conformers family is presented in Fig. 5. It is clearly seen from Fig. 5 that positions of grooves with minima are prac-
tically in line with those in Fig. 3. In the upper right part of 
Fig. 3. Map of the potential energy surface of the anti-conformers
of Ur with intramolecular hydrogen bond O2’H–O2 and C2’-endo
conformation of ribose ring. The torsion angles β and γ were
varied with step of 30°. The labeling of the isolines on the map is
given in kcal/mol. 
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Fig. 4. Profiles of the conformational barrier calculated by the 
DFT/B3LYP/cc-pVDZ and MP2/cc-pVDZ methods with step of 
10° along the bottom of grooves for the global minimum Ua2_0 
(a) and Ua2_1 conformations (b). 
Fig. 5. Map of the potential energy surface of the anti-conformers 
of Ur with the intramolecular hydrogen bonds O2’H–O2 and the 
C3’-endo conformation of ribose ring. The torsion angles β and γ
were varied with step of 30°. 
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Fig. 5 this agreement is complete, since in this region the 
C3’-endo structures are unstable and during the process of 
geometry optimization they transform to the C2’-endo 
structure. Therefore the transitions between related C2’-
endo and C3’-endo structures of the family of anti-
conformers Uаn_x are of more important than transitions 
between the Ua3_x conformers on the bottom of grooves 
(Fig. 5). Figure 6,a shows that the barrier between the con-
formers Ua3_2 and Ua2_0a is practically absent in the cal-
culation with method DFT/cc-pVDZ and increases to 0.75 
kcal/mol at the MP2/cc-pVDZ level of theory. Conse-
quently, conformer Ua3_2 will be completely transformed 
to onformer Ua2_0a, and further to conformer Ua2_0, 
which according to the calculations (see below) is the 
global minimum for Ur. 
It is known that, according to the Bader model [28], in-
teractions between C6H and O5’ may be assigned to weak 
hydrogen bonds [29]. If the ribose ring is C3’-endo struc-
ture, this weak bond can stabilize the pyrimidine ring in the 
position that would prevent a stronger intramolecular hy-
drogen bond O2’H–O2. The barrier between such a struc-
ture (Ua3_0) and global minimum Ua2_0 is presented in 
Fig. 6,b. The calculation by the method DFT/cc-pVDZ pre-
dicts the height of the barrier 0.85 kcal/mol, but the method 
MP2/cc-pVPZ dramatically increases the barrier to 2.8 
kcal/mol. Therefore we can reasonably assume that the con-
former Ua3_0 is fixed in the Ar matrices during deposition. 
Hitherto we shown that the syn-conformers of dU with 
the C3’-endo structure of sugar ring are not fixed in the 
matrix, and transforms to the C2’-endo conformers [10,11]. 
Heights of the transition barriers calculated for these con-
formers were 0.7 kcal/mol (DFT/cc-pVDZ method) and 1.3 
kcal/mol (MP2/cc-pVDZ method). The calculation of the 
profile of the barrier for the transition between the Ur syn-
conformers Us3_0→Us2_1 shows a significant increases in 
the barrier both at the DFT/cc-pVDZ (0.95 kcal/mol), and 
MP2/cc-pVDZ (2.2 kcal/mol) level of theory (Fig. 6,c). 
Because of this, unlike dU, the syn-conformers of Ur with 
the C3’-endo structures of ribose may be fixed in the ma-
trices during the process of deposition. It should be noted 
that, in comparison with the barriers of the OH group rota-
tion (Fig. 4), the choice of the computational method (DFT 
or MP2) strongly influences the barrier height of C2’-
endo→C3’-endo transition (Fig. 5). 
Based on results presented above, several structures 
were selected for calculations of the relative energies ΔE. 
The characteristic structural bond angles of these confor-
mers and the results of calculations of ΔE are presented in 
Table 1. The selected conformers are local minima on the 
potential energy surface, and it was proved by the absence 
of imaginary frequencies in the vibrational spectra calcu-
lated at the DFT//cc-pVDZ and DFT//aug-cc-pVDZ level 
of theory. Unlike dU, all Ur conformers are stable struc-
tures upon various computational methods — from 
the simple DFT//cc-pVDZ to the more sophisticated 
MP2//aug-cc-pVDZ and MP2//aug-cc-pVTZ. All the cal-
culation methods clearly define Ua2_0 structure as global 
minimum (Table 1). Augmentation of the cc-pVDZ basis 
set with diffuse functions (aug-cc-pVDZ) markedly re-
duced the difference in ∆E between Ua2_0 and the rest of 
conformers. It is true both for the DFT and MP2 methods. 
The choice of the more complicated aug-cc-pVTZ basis set 
slightly reduces the dispersion of ∆E values (Table 1). 
Calculation of the relative free energies ΔG using Fire-
fly program still predicts the conformer Ua2_0 as global 
minimum, but compared to ΔE the scatter of ΔG decreases 
and does not exceed 2.1 kcal/mol for all the conformers 
considered. For comparison with the experimental data, it 
is desirable to turn from ∆G(T) values to N(T) occupancy. 
To calculate the occupancies of conformers the standard 
formula was used [30]: 
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where kj is the coefficient of degeneration of jth conforma-
tion.
Fig. 6. The energy relaxation profiles of the conformational tran-
sitions for the different pair of anti- (a,b) and syn- conformers (c)
calculated by the DFT/B3LYP/cc-pVDZ and MP2–cc-pVDZ
methods (squares) along dihedral angle O4’C4’C2’C3’ with step
of 10°. 
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Table 1. Structure parameters (characteristic angles) and relative energies (ΔE, ΔG) in kcal/mole of the main anti- and syn-
conformers of Ur 
Conformers 
Structure parameters Ua2_0 Ua2_1 Ua2_2 Ua3_0 Ua3_1 Ua3_2 Us3_0 Us3_1 Us2_0 Us2_1 
Torsion angles           
∠Ρ 205 214 202 17 64 63 43 41 159 159 
∠χ –178 –176 –172 –165 –176 –176 64 67 63 62 
∠γ 54 172 177 54 –179 56 48 –60 46 45 
∠β 178 62 –31 –176 –56 62 40 176 63 63 
∠ε 146 146 148 81 91 92 –140 –56 155 –82 
Relative energies and me-
thods of calculation 
          
ΔE 
DFT/cc-pVDZ 
0 1.38 1.94 2.76 2.76 2.19 2.26 4.33 0.94 1.76 
ΔE 
MP2/cc-pVDZ 
0 1.57 2.45 2.70 4.20 3.51 2.70 4.26 1.51 2.07 
ΔE 
DFT/aug-cc-pVDZ 
0 1.53 1.64 1.48 1.50 1.63 1.69 2.65 0.88 1.25 
ΔE 
DFT/aug-cc-pVTZ 
0 1.88  1.57 1.57 2.26 1.82 1.51 2.57  0.75 1.07 
ΔE 
MP2/aug-cc-pVDZ 
0 1.62 2.75 1.81 3.34 3.12 2.04 3.45 1.00 1.71 
ΔE 
MP2/aug-cc-pVTZ 
0 1.51  1.91   1.94  0.79  
ΔE 
MP4/aug-cc-pVDZ//  
MP2/aug-cc-pVDZ 
0 1.56  1.96   1.74  0.79 1.49 
ΔG (420 K) 
aug-cc-pVDZ* 
0  1.44 0.82 1.02 
 
1.15 1.31 1.90 2.0 1.78 2.09 
Occupancies in gas at 
420 K, % 
44.1** 4.8 20.2** 7.9 6.8 5.6 2.8 2.5 3.2 2.2 
Occupancies in matrix by 
calculations  
56.5 25 0 7.9 0 0 2.8 2.5 3.2 2.2 
Occupancies in matrix by 
experiment 
10 20 0 30 0 0 20 0 10 10 
Comment: * ⎯ ΔE from calculation by the DFT/B3LYP/aug-cc-pVDZ method; ** ⎯ with taking into account the conformations 
Ua2_0a, Ua2_0b, and two-fold degeneracy of the Ua2_2 conformer.
Calculation results at the temperature T = 420 K are pre-
sented in Table 1. These calculations take into account 
two-fold degeneracy of the Ua2_2 conformer (Fig. 4,b) 
and the presence of the Ua2_0a and Ua2_0b conformers 
(Fig. 4,a) in the gas phase with total occupancy being 
17.1%. As was discussed above, during deposition in the 
matrix the Ua2_0a, Ua2_0b and Ua3_2 conformers trans-
form into Ua2_0. It increases the Ua2_0 occupancy to 
56.5%. In the same way, the Ua2_2 conformer transforms 
to Ua2_1 and occupancy of this conformer increases to 
25%. Occupancies of other five conformers is different 
from zero and are in the range from 2.5 to 8%. Table 2 
presents frequencies of characteristic spectral bands of 
seven conformers that could be fixed in the matrix. As the 
characteristic band of Us3_1 is absent in the range near 
3605 cm–1 of the experimental spectrum, its bands are re-
placed by Ua3_1 ones (Table 2). It is evident that many 
characteristic bands are overlapped and additional informa-
tion from the experimental spectra is necessary for the as-
signment of these bands. In order to obtain experimental 
evidences for the above discussion, we compared the spec-
tra of dU and Ur, as well as the shift of conformational 
equilibrium by UV irradiation of matrices and their anneal-
ing. The UV irradiation of matrix samples permits to in-
crease of the intensities of bands of the low populated con-
formers. But the effect of the UV irradiation is 
insignificant if the conformers have a small difference of 
occupations in matrix. Most likely, in this case the irradia- 
A.Yu. Ivanov 
576 Fizika Nizkikh Temperatur, 2010, v. 36, No. 5 
Table 2. Experimental (Ar matrices) and calculated (DFT/B3LYP/aug-cc-pVDZ) frequencies and intensities of the bands of vibra-
tional spectra of the Ur main conformers 
Comment: I is the relative integrated intensity; Ia is the absolute integrated intensity, km/mol; νhb_OH is the hydroxyl group participat-
ing in the intramolecular hydrogen bond. The scaling of the calculated frequencies was done according to the Ar matrix with a multi-
plier = 0.9535.
tion-induced changes in the band intensity should depend 
on the relative resistance of conformers in matrix to the 
UV irradiation. As the dU molecules, Ur ones partially 
decompose in the Ar matrix under the UV irradiation. Af-
ter irradiation the intensities of all bands decreases dis-
tinctly, with the exception of the band at 3605 cm–1, which 
may be assigned to vibrations of the O’3H and O2’H 
groups (Fig. 7). Therefore we may assume that for Ur rea-
lized scenario with several close-populated conformers, 
rather than dominance of structure Ua2_0. 
If the barrier is close to 2 kcal/mol, the annealing of the 
matrix may provide useful information about the transi-
tions between the conformers. In Fig. 7 is shown that an-
nealing leads to redistribution of intensities between two 
groups of bands. This is evidence of the transition between 
the syn-conformers Us3_0→Us2_1 and hence the presence 
Us3_0 in the matrix. As the transition barrier of 
Ua3_0→Ua2_0 is of close height, the presence of Ua3_0 
in the matrix can be considered as well-provided (it should 
be noted that this conformation has no well-defined cha-
racteristic bands). For the remaining observed bands a 
slight decrease in intensities connected with the partial 
association of monomeric molecules (Fig. 7). Given the 
difference in the absolute intensities of the bands (Table 2), 
the population of Us3_0 practically coincides with the 
Conformer 
Vibrational 
mode 
dU in Ar 
matrix 
Ur in Ar 
matrix 
Ua2_0 Ua2_1 Ua3_0 Ua3_1 Us3_0 Us2_0 Us2_1 
 ν, 
сm–1 
I ν, 
сm–1 
I ν, 
сm–1 
I ν, 
сm–1 
I a ν, 
сm–1 
Ia ν, 
сm–1 
Ia ν, 
сm–1 
Ia ν, 
сm–1 
Ia ν, 
сm–1 
Ia 
νO5’H 3664  3.4 3665 2.4 3657 47 3626 37 3665 51 3634 29       
νO2’H 3641  1.9 3642 0.9     3642 66   3660 68 3662 65 3665 66 
ν hb_O3’H 
ν hb_O5’H 
3624 
3611 
3597 
 
1.2 
                
ν hb_O3’H 
ν hb_O2’H 
ν hb_O5’H 
  3584 
3560 
3551 
 
4 
3553 69 3564 67 3579 64 3565 
3548 
58 
178
3529 
3556 
102 
213 
3579  51 3567 78 
ν hb_O5’H 
  
3491 
3485 
4.7 3493 
3485 
3477 
5.9            3493 426 3476 488
ν hb_O2’H   3458 
3449 
 
2.4 
3451 351 3464 303            
νN3H 3428  6.4 3427 6.4 3418 81 3418 78 3422 69 3417 77 3417 69 3415 72 3416 73 
ν(C2 = O) 
ν(C4 = O) 
 88  84               
3600 3500 3400
0
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Fig. 7. Effect of UV irradiation and annealing of matrix on the 
occupancies of the Ur conformers in the Ar matrix (T = 6 K, Matrix 
to sample ratio M/S = 700) in the νOH, νNH region (3690–3390 
cm–1). Spectrum after deposition of matrix (1); difference spectrum 
after annealing of matrix at (T = 29 K, t = 5 min) (2); difference 
spectrum after UV irradiation (λ = 200–300 nm, t = 20 min) (3). 
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population of the Us2_0 conformers. Unlike dU, characte-
ristic bands of structures with the hydrogen bonds O5’H–
O3’ and O3’H–O5’ (like to the Us3_1 conformer) were not 
practically found in the experimental spectra.  
We showed earlier that frequencies and intensities of 
the νN3H stretching vibration have a small difference for 
2-dU conformers [10,11]. This statement is also true for Ur 
conformers (Table 2). Therefore, for the correct compari-
son of the spectra, experimental intensities of dU and Ur 
spectra are brought to the equal intensity of the νN3H 
bands (Table 2). The conclusion may be inferred that the 
growth of occupancy of the syn-conformers of Ur is based 
on the decreasing of intensity of the band 3665 cm–1 and 
increasing intensity of the absorption nearly 3485 cm–1. 
Besides, now Us3_0 structure can be added to uridine syn-
conformers (see discussion above). As well, in Ur spectra 
the intensity of 3642 cm–1 band lowers, belonging to the 
free vibrations O2’H (O’3H). All this evidences the com-
mon domination of Ur syn- and anti-conformers with the 
intramolecular hydrogen bonds O5’H–O2 and O2’H–O2, 
respectively. 
For the experimental estimation (Table 1) of occupan-
cies of the conformers in matrices the standard method 
[11] was implemented by using the calculated and experi-
mental intensities of the characteristic bands and decompo-
sition of the complicated contours to Gaussian functions. 
The validity of this estimation was supported by the com-
parison of the experimental and synthesized spectra. The 
program SYNSPEC [31] was applied for the synthesis of 
vibrational spectra by using the Gaussian contours with 
full width on half maximum of 10 cm–1. If the calculated 
conformer occupancy is applied (Table 1), the synthetic 
spectrum (Fig. 8) differs markedly from the experimental 
one. But the experimental estimation of the conformer oc-
cupancy leads to the qualitative agreement between the 
synthesized and experimental spectra (Fig. 8). It is obvious 
that calculations overestimate the Ua2_0 conformer occu-
pancy. The most exact methods MP4/aug-cc-
pVDZ//MP2/aug-cc-pVDZ and MP2/aug-cc-pVTZ do not 
change essentially the ∆E and ∆G, distribution respectively 
(Table 1). Most likely, the discrepancy between calculated 
and experimental data is connected with anharmonicity of 
uridine low-frequency vibrations but not with inaccuracy 
of electronic energy calculations. 
Because of overlapping of spectral bands of some con-
formers, the accuracy of their occupancy in the matrices is 
rather low (worse than ±10%). Perhaps method of the 
«burning out» of low barrier conformers in the supersonic 
beam of Ar before the deposition of matrices [26,32] hold 
promise for the simplifying of experimental spectra and 
improving of accuracy. 
Conclusions 
By the methods of low temperature matrix isolation and 
quantum chemical calculation it was shown that confor-
mers of Ur included the intramolecular hydrogen bonds 
with participation of the carbonyl group (C2 = O) are dom-
inated (70±10)% in Ar matrices at 12 K. 
The comparison of Ur spectra with the spectra of dU 
shown the growth of occupancies of the syn-conformers 
with the intramolecular hydrogen bond O5’H–О2 up to 
(40 ±10)%. Mainly, it arises from appearance of the Us3_o 
conformer with the C3’-endo structure of the ribose ring in 
the matrix. The populations of the syn-conformers are 
close to the anti-conformers with intramolecular hydrogen 
bonds O2’H–O2 and C2’-endo structures of ribose which 
is dominated for both types of conformers. 
The results of quantum chemical calculations of the rel-
ative free energies agreed satisfactorily with low tempera-
ture experimental data, excepting anti-conformer Uа2_0. 
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Fig. 8. The comparison of the experimental spectrum and spectra 
which were synthesized by program SYNSPEC [30]. All frequen-
cies and intensities were used from the Table 2. The experimental 
spectrum (1); spectrum was synthesized according the experimental 
estimation of the occupancies of the Ur conformers (Table 1); spec-
trum was synthesized according the computational estimation of 
the occupancies of the Ur conformers (Table 1) (3). 
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